
         
            
               
                  Journal Information

                  
                     Publisher: Society for Health Care & Research Development
                     

                     Title: Asian Journal of Clinical Pediatrics and Neonatology
                     

                     ISSN (electronic): 2347-3363
                     

                     ISSN (print): 2347-3355
                     

                  

               

               
                  Article Information

                  
                     Copyright statement: It is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
                        authors to retain ownership of the copyright for their content, and allow anyone to download, reuse, reprint, modify, distribute
                        and/or copy the content as long as the original authors and source are cited.
                     

                     Copyright: 2020
                     

                     Volume: 8
                     

                     Issue: 3
                     

                     Page: 17
                     

                     DOI: 10.47009/ajcpn.2020.8.3.4
                     

                  

               

            

         

         

         
            Correlation of Cord Lactate with Cord pH as a Morbidity Predictor in Term Neonates Delivered with Non-Reassuring Fetal Heart
               Status
            

         

         
                     
                           Aluru Ananya
                           ​[image: ORCID][1]

                     Email: aluru.ananya@gmail.com 

                     
                           Kanta Kumari PML
                           ​[image: ORCID][2]

                     Email: kantakumari@hotmail.com

                     
                           B Vijayalakshmi
                           ​[image: ORCID][3]

                     Email: vijayachandra58@gmail.com

                     
                           R Chandrasekhar
                           ​[image: ORCID][4]

                     Email: rcsekhar58@gmail.com

                     
                           Naga Saritha Kolli
                           ​[image: ORCID][5]

                     Email: sariu.chandu@gmail.com


         
            
                  
               Resident, Department of Pediatrics, NRI Medical College and General Hospital, Chinakakani
               Guntur, Andhra Pradesh
               India
               
            

            
                  
               Associate Professor, Department of Pediatrics, NRI Medical College and General Hospital, Chinakakani
               Guntur, Andhra Pradesh
               India
               
            

            
                  
               Professsor & HOD, Department of Pediatrics, NRI Medical College and General Hospital, Chinakakani
               Guntur, Andhra Pradesh
               India
               
            

            
                  
               Professor, Department of Pediatrics, NRI Medical College and General Hospital, Chinakakani
               Guntur, Andhra Pradesh
               India
               
            

            
                  
               Lecturer, Department of Community Medicine, NRI Medical College and General Hospital, Chinakakani
               Guntur, Andhra Pradesh
               India
               
            

         

         Corresponding Author: Kanta Kumari PML
         

         
            Abstract

            
               
Background: Perinatal asphyxia is accounting to 20% of neonatal mortalityin India. Cord lactate can be an alternative that is more readily
                  available than cord pH and may help in early identification of birth asphyxia in resource limited settings. The aim of the
                  current study is to correlate cord lactate levels with cord pH in term neonates with non-reassuring fetal heart status and
                  thereby its use as a surrogate for cord pH. Subjects & Methods: Study design: Cross-sectional study. Setting: Neonatology unit at NRI general hospital, Chinakakani from August 2018 to July
                  2019. Study participants: All singleton term neonates delivered by assisted vaginal delivery or emergency caesarean section
                  due to non-reassuring fetal heart status. Umbilical cord blood gas and lactate was obtained. Lactate was analysed by colorimetric
                  method. Results: A total of 74 neonates were included. An analysis of cord pH & lactate, using correlation coefficient showed statistically
                  significant p-values. Cord lactate was found to be statistically significant predictor for admission to NICU, post resuscitation
                  care, invasive/noninvasive ventilation, and therapeutic hypothermia on multiple logistic regression analysis. Cord Lactate
                  was found to have an Area under the curve (AUC) of 0.88 with no significant difference to cord pH on ROC curve analysis. Conclusion: Cord Lactate can be used as an objective test in predicting the neonates requiring NICU admission for morbidities related
                  to fetal hypoxia similar to that of cord pH in term neonates.
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               Introduction:

            Birth asphyxia accounts for an estimated 9, 00,000 deaths each year and is one of the primary causes of early neonatal mortality. [1] The incidence of perinatal Asphyxia is 8.4% of all live births, and is accounting to 20% of neonatal mortality and 11% of
               under-5 mortality in India. [2,3]

            Fetal distress is described as an altered fetal physiology, leading to disruption of normal fetal oxygenation ranging from
               mild hypoxia to profound fetal asphyxia leading to metabolic acidosis,[4]  ultimately causing permanent injury or death within a very short period. Fetal distress is usually detected by cardiotocography
               (CTG) or non-stress test (NST) which though highly sensitive, lacks specificity.[5]  APGAR scoring at birth is a semi quantitative measurement with variable inter and intra observer reliability & hence cannot
               be used to describe birth asphyxia accurately.[6]  In this era of Pediatricians and Obstetricians being increasingly sued for Medico-legal negligence in cases of Birth asphyxia
               and developmental delay, there is a need for objective tests to substantiate fetal hypoxia. 
            

            Cord pH and Base excess (BE) in blood gas analysis are established objective tests for assessment of fetal asphyxia and along
               with the clinical picture, it helps in making appropriate decisions about care after birth. [7,8] Low cord pH is substantially associated with neonatal mortality and morbidity and later cerebral palsy in childhood but requires immediate analysis, [9] and expensive equipment which may not be available near all delivery rooms. High lactate levels are related to fetal metabolic
               anaerobic glycolysis occurring during hypoxia. Cord lactate can be an alternative to arterial blood gas and it may help in
               early identification of birth asphyxia in resource limited settings. 
            

            Several animal and human studies have addressed the question of lactate origin when fetal lactate concentration is increased.
               Piquard et al, [10,11] described several findings strongly indicating fetal origin both in steady-state labors as well as in labors complicated
               by acute stress conditions. Thus, a rapid rise in lactate concentration as a response to a relatively sudden development of
               hypoxia, as during labor, can be regarded as of fetal origin. 
            

            

         

         
               Subjects and Methods

            This cross-sectional study was designed to compare cord lactate levels with cord pH in predicting NICU admission, post resuscitation
               care, noninvasive ventilation, invasive ventilation and therapeutic hypothermia.
            

            
               Inclusion criteria
               :
               
            

            All Term (>37 weeks) non-anomalous singleton neonates delivered through assisted vaginal delivery(AVD) or emergency cesarean
               section(CS) with an indication of non-reassuring fetal heart status.
            

            The parents were explained about the research, and written informed consent was obtained. Intrapartum CTG tracings were collected
               and categorized according to American college of Obstetrics & Gynecology (ACOG) recommended3 tier system. Soon after birth,
               umbilical cord arterial blood was collected from a clamped segment of the cord into a pre-heparinized syringe for arterial
               blood gas analysis and into a 2ml plain container for lactate measurement. The sample was transferred to the central laboratory
               on an ice pack immediately. Arterial blood gas was analyzed using GEM Premier 3500 analyzer (Instrumentation laboratory) within
               5 minutes quickly, while Lactate was measured by Colorimetric method on RANDOX IMOLA within 20 minutes of collection of the
               sample. The results were recorded. APGAR scores were recorded at 1 min, 5 min, and 10 minute. The neonate was followed up
               till discharge from the hospital and details of NICU admission and requirement of post-resuscitation care, non- invasive ventilation,
               invasive ventilation, therapeutic hypothermia if present were recorded. 
            

            Statistical Analysis: 
            

            Data was analyzed using Medcalc v19.1.Pearson Correlation coefficient for cord lactate & cord pH and cord lactate & cord BE
               was done. Multiple logistic regression analysis for the variables was done. In order to comment on which test is better, Receiver-Operating
               Characteristic (ROC) curves for NICU Admission and its accuracy is measured by the area under the curve (AUC). Comparison
               of ROC curves of cord pH, cord lactate and cord BE for NICU admission was done. P-value < 0.05 was taken as statistically
               significant.
            

         

         
               Results:

            Out of 1836 deliveries from August 2018 - July 2019, 86 term neonates were delivered by AVD or emergency CS due to non-reassuring
               fetal heart status. Cord arterial gas and cord lactate could not be obtained for seven neonates; five neonates left against
               medical advice, and finally, a total of 74 term neonates have been included in the study. 
            

            The mean birth weight of the study population is 2.78 kg. Out of the 74 neonates, 36 (49%) were male, and 38 (51%) were female.
               Of the fetal heart patterns, 55.4% belonged to Category II, while 44.6% belonged to Category III according to ACOG recommended
               3 tier systems. Among the 74 Study neonates, 59 (80%) were delivered through Emergency CS, while 15 (20%) were delivered through
               AVD by use of either forceps or vacuum. 56 (75.6%) neonates were Appropriate for Gestational age (AGA), and 18 (24.4%) were
               Small for Gestational age (SGA).
            

            Twenty-seven neonates were admitted to NICU, while 47 neonates were shifted to the mother's side immediately after birth.
               Among the neonates, 9.4% required post-resuscitation care, 12.1% required non-Invasiveventilation, 16.2% required invasive
               ventilation, 12.1% required therapeutic hypothermia.97% got discharged home, and death occurred in 3%. 
            

            Pearson’s correlation between cord pH and cord lactate levels, cord BE and cord lactate revealed highly significant correlations
               with coefficient r = -0.7501(p-value of <0.0001) and r =-0.7792 (P<0.0001)) respectively.
            

            The mean cord lactate was higher in neonates delivered through AVD(8.82 mmol/lt) compared to those born through emergency
               CS (6.59 mmol/lt). However, independent samples T-test showed no significant difference in cord lactate levels (p=0.06). The
               mean cord lactate of AGA was 6.83 mmol/lt while in SGA was 7.71 mmol/lt and the difference was not statistically significant
               (p=0.44).
            

            On comparing 1-minute APGAR, 5-minute APGAR, 10-minute APGAR, cord pH, cord BE and cord lactateas variables for primary outcome
               (NICU admission) and secondary outcomes (post-resuscitation care, non-invasive ventilation, invasive ventilation & therapeutic
               hypothermia), the significant predictors obtained from multiple logistic regression analysis are as shown in [Table 1].
            

            
                  
                  Table 1

                  
                     
                     
                     Significant predictors of Primary and Secondary outcomes by 
                     multiple
                      logistic regression analysis
                     
                  

               

               
                     
                        
                           	
                              
                        	
                              Variables
                        
                        	
                              P-value
                        
                        	
                              Coefficient
                        
                     

                     
                           	
                              NICU Admission
                        
                        	
                              Cord pH
                        
                        	
                              0.045
                        
                        	
                              -1.09
                        
                     

                     
                           	
                              Cord Lactate
                        
                        	
                              0.028
                        
                        	
                              0.03
                        
                     

                     
                           	
                              Post-resuscitation care
                        
                        	
                              1-minute APGAR
                        
                        	
                              0.009
                        
                        	
                              -0.029
                        
                     

                     
                           	
                              5-minute APGAR
                        
                        	
                              0.030
                        
                        	
                              0.27
                        
                     

                     
                           	
                              Cord Lactate
                        
                        	
                              0.006
                        
                        	
                              -0.04
                        
                     

                     
                           	
                              Non-Invasive ventilation
                        
                        	
                              1-minute APGAR
                        
                        	
                              0.009
                        
                        	
                              0.36
                        
                     

                     
                           	
                              Cord pH
                        
                        	
                              0.03
                        
                        	
                              -1.07
                        
                     

                     
                           	
                              Cord Lactate
                        
                        	
                              0.01
                        
                        	
                              0.04
                        
                     

                     
                           	
                              Invasive ventilation
                        
                        	
                              1-minute APGAR
                        
                        	
                              0.007
                        
                        	
                              -0.19
                        
                     

                     
                           	
                              5-minute APGAR
                        
                        	
                              0.013
                        
                        	
                              -0.21
                        
                     

                     
                           	
                              10-minute APGAR
                        
                        	
                              0.009
                        
                        	
                              0.35
                        
                     

                     
                           	
                              Cord Lactate
                        
                        	
                              0.004
                        
                        	
                              0.03
                        
                     

                     
                           	
                              Therapeutic Hypothermia
                        
                        	
                              5-minute APGAR
                        
                        	
                              0.0001
                        
                        	
                              -0.39
                        
                     

                     
                           	
                              Cord pH
                        
                        	
                              0.035
                        
                        	
                              -1.05
                        
                     

                     
                           	
                              Cord Lactate
                        
                        	
                              0.041
                        
                        	
                              0.017
                        
                     

                  
               

            

            The ROC curves of cord pH, cord BE and cord lactate for NICU admission are shown in [Figure 1]. The AUC of cord pH (0.93)
               was higher than cord lactate (0.88) with no significant statistical difference with each other (p = 0.250).The AUC of Cord
               lactate was similar to Cord BE (0.89).
            

            
                  
                  Figure 1

                  
                     ROC curves of Cord pH, Cord BE and Cord Lactate for NICU admission
                     
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/02ca7ff3-6ec9-4878-83dc-d4a0c76c015eimage1.png]

            The optimal cut off values with their respective sensitivity and specificity for cord pH, cord BE and cord lactate are as
               shown in [Table 2].
            

            
                  
                  Table 2

                  
                     
                     ROC curves of Cord pH, Cord BE and Cord Lactate for NICU admission
                     
                  

               

               
                     
                        
                           	
                              
                        	
                              Cord pH
                        
                        	
                              Cord BE
                        
                        	
                              Cord Lactate
                        
                     

                     
                           	
                              AUC(Area under Curve)
                        
                        	
                              0.93
                        
                        	
                              0.89
                        
                        	
                              0.88
                        
                     

                     
                           	
                              SE(Standard Error)
                        
                        	
                              0.0271
                        
                        	
                              0.0406
                        
                        	
                              0.0477
                        
                     

                     
                           	
                              95 % CI
                        
                        	
                              0.853 to 0.979
                        
                        	
                              0.807 to 0.957
                        
                        	
                              0.790 to 0.948
                        
                     

                     
                           	
                              p-value
                        
                        	
                              <0.0001
                        
                        	
                              <0.0001
                        
                        	
                              <0.0001
                        
                     

                     
                           	
                              Cut-off value
                        
                        	
                              ≤7.2
                        
                        	
                              ≥ -9.7
                        
                        	
                              >5.5
                        
                     

                     
                           	
                              Sensitivity
                        
                        	
                              99.7%
                        
                        	
                              76.9%
                        
                        	
                              88.4%
                        
                     

                     
                           	
                              Specificity
                        
                        	
                              81.2%
                        
                        	
                              89.6%
                        
                        	
                              77.%
                        
                     

                  
               

            

         

         
               Discussion:

            As opined by the ACOG and AAP in Executive summary: Neonatal encephalopathy and neurologic outcome, no single strategy to identify HIE is infallible and will achieve 100% certainty of the cause of neonatal encephalopathy in
               all cases. [12] An objective measurement of fetal hypoxia is required to increase understanding of its association with adverse neonatal outcomes
               and secondly to be able to predict those at risk for morbidity and mortality and to ensure appropriately focused interventions. [13,14,15] White et al,[16] suggested that a simple combination of the level of neonatal resuscitation and umbilical artery lactate values is an accurate
               method of predicting moderate-severe cases of HIE within minutes of delivery and thereby identifies neonates that may benefit
               from neonatal hypothermia as a neuroprotective therapy.
            

            

            
                  
                  Table 3

                  
                     Comparison of Correlation of Cord Lactate with Cord pH and Cord Base excess between present study and other studies
                     
                  

               

               
                     
                        
                           	
                              Comparative Studies
                        
                        	
                              Cord Lactate with Cord pH
                        
                        	
                              Cord Lactate with Cord Base excess
                        
                     

                     
                           	
                              Pearson Correlation Coefficient (r)
                        
                        	
                              P-value
                        
                        	
                              Pearson Correlation Coefficient (r)
                        
                        	
                              P-value
                        
                     

                     
                           	
                              Present Study
                        
                        	
                              -0.750
                        
                        	
                              <0.0001
                        
                        	
                              -0.779
                        
                        	
                              <0.0001
                        
                     

                     
                           	
                              Gjerris et al
                        
                        	
                              -0.730
                        
                        	
                              <0.001
                        
                        	
                              -0.760
                        
                        	
                              <0.001
                        
                     

                     
                           	
                              Labreque et al
                        
                        	
                              -0.678
                        
                        	
                              <0.001
                        
                        	
                              -0.719
                        
                        	
                              <0.001
                        
                     

                     
                           	
                              Linet et al
                        
                        	
                              -0.693
                        
                        	
                              <0.0001
                        
                        	
                              -0.837
                        
                        	
                              <0.0001
                        
                     

                     
                           	
                              Racinet et al
                        
                        	
                              -0.750
                        
                        	
                              <0.001
                        
                        	
                              -0.790
                        
                        	
                              <0.001
                        
                     

                     
                           	
                              Allason ER et al. Systematic review
                        
                        	
                              -0.650
                        
                        	
                              <0.001
                        
                        	
                              -0.710
                        
                        	
                              <0.001
                        
                     

                  
               

            

            

            The existing data on the diagnostic accuracy comes from largely high-income countries. There is a need to assess the role
               of lactate as an inexpensive, simple and reliable tool in perinatal care of low- and middle-income countries, where the burden
               of both poor quality of care and poor neonatal outcomes is high. E. R. Allanson et al. in their study found that Umbilical
               lactate can be used in a middle-low resource setting as a measurement of intrapartum hypoxia, with reasonable sensitivity
               and specificity for the prediction of, or need for, resuscitation, admission to the nursery, and low Apgar scores.[17] Duhan et al, [18] reported a good negative predictive value of lactate for fetal hypoxia when done using the colorimetric method similar to
               the present study. Ours is one of the very few studies that looked at the significance of cord lactate in Indian population
               and more so in neonates with non-reassuring fetal heart status who were delivered by emergency CS or AVD.
            

            In contrast to the study done by Borruto F et al.[19] and Natesan S, [20] mode of delivery did not have significant influence on cord lactate levels in our study. Cord lactate correlated well with
               cord pH and Base excess with a p-value of <0.0001 in our study. These findings are similar to the studies by Gjerris et al. [21] Labreque et al. [22] Linet et al. [23] and Racinet et al.[24] Most of the studies were done using a handheld lactate meter while in our study lactate levels were analyzed by colorimetric
               method. The present study was done selectively on term neonates with non-reassuring fetal heart status while the population
               in the above studies constituted term neonates with and without non reassuring fetal heart status. However, the correlation
               between cord lactate with cord pH and cord BE was still similar in all the studies. Allason ER et al. [25] did a systematic review of 6 studies on Cord lactate and had a total of 8128 participants. The pooled effect size for Cord
               Lactate with Cord pH was -0.650 with p-value <0.001, and for Cord Lactate with Cord BE was -0.710 with p-value <0.001, which
               was statistically significant, and similar results were observed in the current study. [Table 3]
            

            Cord Lactate consistently was the only predictor of both primary outcome and all the secondary outcomes when compared to other
               variables in our study. Cord lactate at a cut off value of ≥ 5.5 mmol/lt has good sensitivity and specificity (with AUC of
               0.88) similar to cord pH and cord Base excess. ER Allanson et al.[17] reported a cord lactate cut-off value of 5.65 mmol/lt for NICU admission with AUC 0.61, while Tuuli et al.[26] reported 3.9 mmol/lt with AUC of 0.84. The difference in cut-off values might be due to differences in assays and study populations.
               Patil SS et al.[27] reported a cord lactate cut-off value of 5 mmol/lt for NICU admission in neonates with non-reassuring fetal heart status
               with an AUC of 0.878 which was comparable to our study.
            

         

         
               Conclusion

            In conclusion, cord lactate can be a potentially relevant, inexpensive and simple test for the assessment of fetal hypoxia,
               and its availability near all delivery rooms can help in comprehensive care of neonates at community level. There is a pressing
               need for further research for optimising the test and for its wider application in various settings.
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